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A decrease i n  s i g n a l  e l e c t r o d e  s e n s i t i v i t y  has been observed a f t e r  
40°C exposure. 
l i z e d  a f t e r  two c h a r a c t e r i z a t i o n  cyc le s  each of approximately twelve 
hour8 du ra t iqn  including temperqture stabilization time. 
A t  t h i s  t i m e ,  t he  loss i n  ou tput  appears  t o  be s t a b i -  
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1 .O IJ?7TRQDUCTION AND SUNMARY 
1.1 Background and Obiec t ives  
A r e c e n t l y  completed study e n t i t l e d ,  "Charac te r iza t ion  of 
Recombination and Control Elec t rodes  f o r  Spacecraf t  Nickel- 
Cadmium Cells," Contract NAS 5-10261, e s t ab l i shed  t h a t  c e l l s  
conta in ing  recombination and s i g n a l  e l ec t rodes  a r e  capable  
of prolonged cyc l ing  under regimes which were too severe  f o r  
cells of convent ional  design. 
The recombination e l ec t rode  serves  s e v e r a l  func t ions :  
1. It maintains  s a f e  oxygen pressures  during 
charge and overcharge. 
2. It func t ions  t o  reduce oxygen pressure  t o  
a s u f f i c i e n t l y  l o w  l e v e l  during d ischarge  
t o  prevent premature response from the  s i g -  
n a l  e l ec t rode .  
3 .  It provides a c a t a l y t i c  su r face  f o r  t h e  
r e a c t i o n  between hydrogen and oxygen. This  
func t ion  p e r m i t s  t he  use of a high l e v e l  of 
nega t ive  precharge thereby minimizing fading.  
Any hydrogen generated a s  a r e s u l t  i s  thereby 
oxidized t o  w a t e r  . 
The o b j e c t i v e  of t h i s  program i s  to  determine t h e  long-term 
mechanical and e l e c t r i c a l  s t a b i l i t y  of t hese  e l ec t rodes  and 
lead  to t h e  opt imiza t ion  of t he  design parameters f o r  space- 
c r a f t  nickel-cadmium c e l l s  conta in ing  recombination and s ig -  
n a l  e l ec t rodes .  
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1.2 Descript ion of Program Tasks 
1.2,1 Task I - Assembly of Cells and T e s t  Equipment, 
The ob jec t ive  of t h i s  t a sk  is  t o  assemble a l l  c e l l s  
and cyc l ing  equipment requi red  f o r  car ry ing  ou t  t h e  
remaining tasks .  
Task I1 - Auxil iary Electrode S t a b i l i t y .  
The o b j e c t i v e  of t h i s  t a sk  i s  t o  determine t h e  long-term 
mechanical and e l e c t r i c a l  s t a b i l i t y  of both t h e  oxygen 
recombination and oxygen sensing e lec t rodes .  This t a sk  
w i l l  be accomplished by subjec t ing  the  c e l l s  t o  pro- 
longed cyc l ing  t o  a 50% depth-of-discharge i n  a 4OoC 
ambient, and then pe r iod ica l ly  r echa rac t e r i z ing  the  
test  e l ec t rodes  under f ixed  condi t ions .  Changes i n  
1.2.2 
s i g n a l  and recombination e l ec t rode  c h a r a c t e r i s t i c s  w i l l  
thereby be determined. 
1.2.3 Task 111 - Optimization of Recombination Load 
Resistance and Negative Precharge Level. 
The ob jec t ives  of t h i s  t a s k  a r e  t o  determine t h e  e f f e c t s  
of recombination-to-negative load r e s i s t a n c e  and negat ive  
precharge level upon deep cyc le  c a p a b i l i t y  and i n t e r n a l  
pressure  c h a r a c t e r i s t i c s .  The f a c t o r i a l  experiment fo r  
t h i s  t a s k  has been designed f o r  eva lua t ion  of optimum 
l e v e l s  and i n t e r a c t i o n s .  
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1.2.4 Task I V  - Cycling of C e l l s  wi th  Optimized Precharge 
and Recombination Load Resis tance.  
This  t a s k  i s  a cont inua t ion  of Task 111. The pur- 
pose i s  t o  eva lua te  the  c h a r a c t e r i s t i c s  of cells  
and c o n t r o l  e l ec t rodes  which have been optimized 
per  t he  r e s u l t s  of Task 111. The c e l l s  a r e  t o  be 
subjec ted  t o  the  following cyc l ing  regimes, i.e., 
40°C-50% DOD and 25"C-75% DOD. These cyc le s  w i l l  
determine t h e  e x t e n t  of cyc le  l i f e  improvement and 
c o n t r o l  e l ec t rode  s t a b i l i t y  under severe condi t ions .  
1.2.5 Task V - Other C e l l  Cha rac t e r i s t i c s .  
Under t h i s  t a s k  a r e  included tes t  programs t o  d e t e r -  
mine t h e  performance of c e l l s  on continuous over- 
charge, t he  hydrogen recombination a b i l i t y  and per-  
formance during r e v e r s a l ,  and t o  determine the  main- 
tenance of nega t ive  precharge. 
1.2.6 Task VI - Post-cycle  Teardown Analysis .  
The o b j e c t i v e  of t h i s  t a sk  i s  t o  eva lua te  the  e x t e n t  
t o  which t h e  var ious  cyc le  regimes employed i n  t h e  
above t a s k s  r e s u l t  i n  phys ica l  damage t o  the  p l a t e s ,  
s epa ra to r s  and t h e  a u x i l i a r y  e l ec t rodes .  
Addi t iona l  such da ta  w i l l  be  accumulated under Task VI 
s i n c e  one c e l l  from each temperature regime p resen t ly  
undergoing l i f e  t e s t i n g  ( c e l l s  submitted t o  NASA under 
previous Contract  NAS 5-10261) w i l l  a l s o  be  subjected 
t o  teardown ana lys i s .  
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1-3  Summary 
The da ta  obtained from s i g n a l  e l  
z a t i o n  tests revealed t h a t  t h e  s 
sus  temperature were uniform from t a s k  t o  t a sk .  Several  
y i e lded  maverick da ta  which i n d i c a t e s  t h a t  t h e  s i g n a l  ele 
a r e  i n t e r n a l l y  shorted t o  t h e  recombination e l ec t rodes .  This 
w i l l  be confirmed by teardown a n a l y s i s .  The pre-cycle cha rac t e r -  
i z a t i o n  tests of  s i g n a l  e l e c t r o d e s  ind ica t ed  t h a t  a period of 
s t a b i l i z a t i o n  i s  required f o r  uniform behavior of t h i s  e l e c -  
t rode ,  I n  t a s k s  11, 111, and I V  t h e  two 40°C cha rac t e r i za -  
t i o n s ,  which were approximately 12 hours each, appeared t o  
y i e l d  s t a b i l i t y .  The following two observat ions regarding t h e  
s i g n a l  e l e c t r o d e  c h a r a c t e r i s t i c s  were a l s o  noted during pre- 
c y c l e  tests: 
1. The spread i n  s i g n a l  e l e c t r o d e  m i l l i v o l t  
response between d i f f e r e n t  cells i n  a 
group inc reases  w i t h  i n t e r n a l  c e l l  p r e s s -  
ure .  The region between 10 and 30 ps ia  
y i e l d s  t h e  minimum s i g n a l  range. 
2 .  The s i g n a l  output  spread between cel ls  i n  
a group i s  temperature dependent, being 
g r e a t e s t  a t  40°C and l e a s t  a t  -20°C. 
The cycl ing regimes of 40°C-25% DOD, 40°C-50% DOD and 25°C- 
75% DOD u t i l i z e d  for Tasks I1 and I11 cells revealed t h e  re- 
quirement f o r  higher than previously inves t iga t ed  negat ive 
precharge levels f o r  cells cyc l ing  under t h e s e  types of re- 
gimes. Thus f a r  i t  appears t h a t  such precharge levels must 
be i n  t h e  125-140% of p o s i t i v e  capac i ty  range. 
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The Task 111 cyc le  tes ts  a l s o  revealed t h a t  negative-to- 
recombination e l e c t r o d e  load r e s i s t a n c e s  below 1.0 ohm 
lead t o  r a p i d  fading of  t h e  c e l l  end of discharge vol tages .  
The two ohm load has y i e lded  t h e  b e s t  cyc le  l i f e  da t a  t o  
da t e .  
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2.0 TECHNICAL DISCUSSION 
2.1 Task 11 - Recombination and Signal  Electrode S t a b i l i t y  
During 4OoC-25% DOD Cycling. 
Ind iv idua l  c e l l  c a p a c i t i e s  and s t e a d y - s t a t e  overcharge 
p res su res  were reported i n  t h e  F i r s t  Q u a r t e r l y  Report. 
The ce l l s  have s ince,  completed a l l  pre-cycle s i g n a l  
e l e c t r o d e  and recombination e l e c t r o d e  c h a r a c t e r i z a t i o n  
tests. The s i g n a l  e l e c t r o d e  c e l l s  were subjected t o  
seven c h a r a c t e r i z a t i o n  tes t s  (10 ohm load) i n  t h e  f o l -  
lowing o rde r  of ambient exposures: 25"C, 40"C, 4OoC, 
25"C, -2OoC,  25"C, and 25°C. Cells were temperature- 
s t a b i l i z e d  f o r  4 hours, then charged a t  t h e  C/2 r a t e  
and discharged a t  t h e  C/2 r a t e  i n t h e  r equ i r ed  ambient. 
Figures  1-7 i l l u s t r a t e  t h e  s i g n a l  output  responses a t  
va r ious  test  temperatures.  The s i g n a l  l e v e l s  yielded 
on t h e  second 25°C t e s t  were lower than expected. 
s h i f t  occurred a f t e r  t he  ce l l s  w e r e  re turned t o  25°C f o l -  
lowing two 40°C exposure periods.  The r educ t ion  observed 
appears t o  be s t a b l e  thus f a r .  
environment were of  s h o r t  du ra t ion  during pre-cycle  
c h a r a c t e r i z a t i o n  tests. The determinat ion of whether 
t h e  e l e c t r o d e  c h a r a c t e r i s t i c s  undergo f u r t h e r  changes 
a s  a r e s u l t  of  prolonged cycl ing a t  40°C i s  the  o b j e c t i v e  
of  t h i s  t a sk .  
This  
Exposures t o  t h e  40°C 
Analysis of  t he  da t a  p l o t t e d  i n  Figures  1-7 i n d i c a t e s  t h e  
following p a t  t e r n s  : 
6 
The spread i n  s i g n a l  ou tpu t  b 
inc reases  with i n t e r n a l  cel l  
a l l  tes t  temperatures. 
The s i g n a l  output  spread between cells is 
temperature dependent, being g r e a t e s t  a t  
4 0 ° C  and l e a s t  a t  -20°C where s e n s i t i v i t y  
i s  low. 
1. 
2. 
3 .  The short-term exposure t o  a 4 0 ° C  ambient 
appears t o  s t a b i l i z e  t h e  s i g n a l  e l e c t r o d e  
s e n s i t i v i t y  a t  a lower l e v e l .  Higher out-  
pu t s  can, however, be obtained by u t i l i z i n g  
a g r e a t e r  load r e s i s t a n c e  than 10 ohms. 
The pre-cycle c h a r a c t e r i z a t i o n  of t h e  oxygen recombination 
e l e c t r o d e  response a t  -20°C was a l s o  completed during t h i s  
r e p o r t  period. 
study a s  a r e s u l t  of poor s e n s i t i v i t y  a t  t h i s  temperature. 
I f  degradat ion i n  recombination performance were t o  r e s u l t  
during t h e  stress cycl ing,  i t  should a p p e a r a s  loss of sen- 
s i t i v i t y  during pe r iod ic  -20°C r e c h a r a c t e r i z a t i o n s .  
i c a l  da t a  i s  i l l u s t r a t e d  by curves 8, 9, and 10. The 
recombination load r e s i s t a n c e  used was 1.0 ohms; t he re fo re ,  
t h e  v e r t i c a l  a x i s  r ep resen t s  e i t h e r  m i l l i v o l t s  o r  m i l l i -  
The -20°C ambient was chosen f o r  t h i s  
Typ- 
amperes. It should be noted t h a t  s a t u r a t i o n  of  t h e  elec- 
t r o d e  s t a r t s  t o  occur very r a p i d l y  a t  -2O"C,  i.e., between 
20 and 40 ps ia .  
Once pre-cycle c h a r a c t e r i z a t i o n s  were completed, t h e  cells  
i n  t h e  group w e r e  placed on a cyc l ing  regime comprised of 
a 25% depth-of-discharge i n  a 4 0 ° C  ambient. The o r b i t  
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period was 90 minutes and t h e  recharge  c o e f f i c i e n t  was 
set a t  150%. The liegative-to-recombination load resis- 
tance  i s  1.0 ohm. The c e l l s  f a i l e d  t o  m e e t  t he  minimum 
discharge  vo l t age  of  0.5 by cyc le  number 163. The s t a t e  
of nega t ive  precharge was then ad jus t ed  from the  f a c t o r y  
imposed l e v e l  during p l a t e  processing t o  a l e v e l  of 120% 
of t he  p o s i t i v e  capac i ty .  Cycling was resumed. The c e l l s  
have achieved another two hundred cyc le s  thus f a r .  F i g u r e 1 1  
i l l u s t r a t e s  t he  e f f e c t  of t h i s  cyc l ing  regime upon t h e  c e l l s  
i n  t h e  1.20 n e g a t i v e l p o s i t i v e  precharge condi t ion .  The da ta  
p l o t t e d  i n  Figure l l i n d i c a t e s  t h e  following t rends :  
1. The s i g n a l  e l e c t r o d e  s e n s i t i v i t y  i s  increas ing  
wi th  cyc l ing  i n  t h i s  group. 
2. The 1.0 ohm recombination e l e c t r o d e  load resis- 
tance  i s  capable  of maintaining uniform low 
pressures .  
3 .  The c e l l  c a p a c i t i e s  a r e  fading a t  t h e  1.20 nega- 
t i v e l p o s i t i v e  precharge l e v e l  i nd ica t ing  t h e  
n e c e s s i t y  of i n t roduc t ion  o f  a higher  l e v e l .  
2.2 Task I11 - Optimization of Recombination Elec t rode  Load 
Res is tance  and Negative Precharge Level. 
Pre-cycle  c h a r a c t e r i z a t i o n  s t u d i e s  of s i g n a l  e l e c t r o d e  and 
recombination e l e c t r o d e  responses  have been completed on 
a l l  cells .  (Tables  I1 and I V  l i s t  pre-cycle  capac i ty ,  over- 
charge pressure  and void volume data.) The order  of expos- 
u r e  t o  the  va r ious  ambient temperatures was t h e  same a s  used 
f o r  Task 11. The da ta  obtained was averaged and p l o t t e d  i n  
F igures  12-16. Task 111 da ta  e s s e n t i a l l y  agrees  w i t h  t h a t  
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obtained from Task 11; however, i n  two ins tances ,  d i f -  
f e r e n t  charge r a t e s  were u t i l i z e d .  This p e r m i t s  a d i r e c t  
cgmparison o f  s i g n a l  e l ec t rode  output  l e v e l  versus  charge 
rate. A comparison o f  Figures  2 and 14 i n d i c a t e  an increase  
o f  approximately 91 m i l l i v o l t s  (over most of t he  curve) a t  
40°C at: t h e  "C" r a t e  of charge versus  t h e  ltC/2'' r a t e ,  
S imi la r ly ,  Figures  4 and 15 may be compared f o r  t he  d i f -  
ference i n  output  a t  25OC between a "C/2" and a "1.5C" 
charge r a t e .  In  t h i s  case,  t he  increase  i n  output  was 
approximately 28 m i l l i v o l t s ,  
E i ih t een  c e l l s  were se l ec t ed  from t h i s  group and were quan- 
t i t a t i v e l y  t r e a t e d  t o  introduce th ree  l e v e l s  of excess nega- 
t i v e  precharge i n t o  t h e  t h r e e  6 - c e l l  subgroups; i . e . ,  1.25, 
1.375, and 1.50 nega t ive lpos i t i ve  precharge. These l e v e l s  
represent a depar ture  from t h e  o r i g i n a l  tes t  plan r equ i r e -  
ments o f  1.40-1.45. The o r i g i n a l  proposed l e v e l s  w e r e  
changed i n  order  t o  achieve a g r e a t e r  spread i n  eva lua t ing  
gross  d i f f e rences .  
under two d i f f e r e n t  regimes a s  follows: 
The c e l l s  a r e  p re sen t ly  being cycled 
1. 40°C ambient; 50% depth-of-discharge and 
135% charge r e tu rn .  
2 .  25°C ambient; 75% depth-of-discharge and 
120% charge r e tu rn .  
I n  addi t ion ,  t h e  var ious  subgroups have been f u r t h e r  divided 
t o  inc lude  t h e  e f f e c t  of d i f f e r e n t  recombination-to-negative 
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e l e c t r o d e  load r e s i s t a n c e s  a t  va lues  of 0.1, 1.0 and 2.0 
ohms. Previous work had no t  s e l e c t i v e l y  determined t h i s  
e f f e c t .  The da ta  obtained i s  i l l u s t r a t e d  by Table I. The 
t r ends  a r e  c l e a r ,  thus f a r .  The ce l l s  containing an excess 
precharge l e v e l  of 1.50 and e 2.8 ohm nega t ive  load resis- 
tance a r e  performing b e s t .  The f i g u r e s  i n  pa ren thes i s  re-  
p re sen t  t h e  end-of-discharge vo l t age  l e v e l s  f o r  t h e  25°C 
group p r i o r  t o  a malfunction i n  t h e  cycl ing equipment. 
None of t h e  c e l l s  were damaged and cycl ing has been resumed. 
Curves 17, 18 and 19 a r e  composite curves f o r  cyc le  number 
22 which i l l u s t r a t e  t h e  r e l a t i o n s h i p s  between i n t e r n a l  c e l l  
pressure,  s i g n a l  e l e c t r o d e  output  ( m i l l i v o l t s  across  10 ohms) 
and recombination e l e c t r o d e  output  a t  t h e  t h r e e  l e v e l s  of 
load r e s i s t a n c e .  The curves follow t h e  a n t i c i p a t e d  p a t t e r n ;  
i .e.,  t h e  lowest va lue  of recombination load r e s i s t a n c e  
(0.1 ohm) maintains t h e  lowest i n t e r n a l  c e l l  p re s su re  and, 
t he re fo re ,  t h e  lowest s i g n a l  output.  The s i g n a l  e l e c t r o d e  
peak and t h e  i n t e r n a l  c e l l  p re s su re  peak correspond wi th in  
t h e  l i m i t s  of accuracy of t h e  p re s su re  gages. 
2.3 Task I V  - Cycling Under Optimized Negative Precharge Level 
and Recombination Load Resis tance.  
The s i x  new cel ls  a l l o c a t e d  f o r  t h i s  t a s k  have been sub- 
j e c t e d  t o  t h e  same pre-cycle  c h a r a c t e r i z a t i o n  tests a s  groups 
I1 and 111 with one d i f f e rence .  The order  of ambient expos- 
u r e s  during s i g n a l  e l e c t r o d e  tes ts  was 25'C, -2O"C, and 40°C. 
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Table 11 l i s t s  t h e  capac i ty  da t a  f o r  t h e s e  cells and Table 
IV l i s t s  s teady s t a t e  overcharge p res su res  a t  25°C  a t  t h e  
C / 2  r a t e  and sample cel l  void volumes. The curves (Figures 
20-23) r e v e a l  t h a t  t h e  s i g n a l  e l e c t r o d e  output  drops between 
t h e  f i r s t  and second 25OC c h a r a c t e r i z a t i o n  test, bu't t o  a 
lesser degree than was seen a f t e r  t h e  second (40°C) exposure 
i n  Tasks I1 and 1x1. There is  apparent ly  a "normalizing" 
break-in r equ i r ed  p r i o r  t o  establishment of base l i n e  da t a  
f o r  t h e  s i g n a l  e l ec t rode .  Further  s i g n a l  e l e c t r o d e  cha rac t e r -  
i z a t i o n  tests w i l l  be conducted on t h i s  group of cells  a t  25°C 
and -20°C a t  t h e  C/2 r a t e  f o r  comparison da ta .  The cel ls  w i l l  
then be held a s i d e  u n t i l  t h e  b e s t  s i x  ce l l s  a r e  s e l e c t e d  from 
t h e  Task 111 study. The complete group of twelve c e l l s  w i l l  
then be cycled u n t i l  end-of-discharge vo l t ages  f a l l  below 0.50 
v o l t .  The cells w i l l  then be subjected t o  r e c h a r a c t e r i z a t i o n  
tests i n  order  t o  a s c e r t a i n  t h e  degree of change i n  s i g n a l  and 
recombination e l e c t r o d e  c h a r a c t e r i s t i c s .  
2.4 Task V - Other C e l l  C h a r a c t e r i s t i c s .  
This work i s  scheduled f o r  t h e  fou r th  qua r t e r  of  t h e  c o n t r a c t .  
2.5 Task VI - Post-Cycle Teardown Analysis 
None of t h e  cells  a r e  a v a i l a b l e  f o r  teardown a n a l y s i s  t o  date .  
WORK PLANNED FOR NEXT QUARTER 
Task I1 - A higher nega t ive  precharge level w i l l  be introduced 
3.0 
i n t o  Task I1 cel ls  which a r e  i n  a 40°C ambient and 
cycl ing w i l l  be resumed. 
Task I11 - Task III cells w i l l  cont inue cyc l ing  u n t i l  t h e  b e s t  
combination of nega t ive  precharge level and recombina- 
t i o n  load r e s i s t a n c e  i s  f i n a l i z e d .  
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Task I V  - Cycling w i l l  be s t a r t e d  during t h e  Third Quarter.  
Task V - This work i s  scheduled f o r  t h e  Fourth Quarter.  
Task V I  - Teardown a n a l y s i s  of discarded c e l l s  from Task 111 
w i l l  be i n i t i a t e d .  
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THE NUMBER I N  PARENTHESIS INDICATES THE END-OF-DISCHARGE 










Task I1 Cells 
c / 2 0  66 ps ig  
76 ps ig  
99 ps ig  
102 ps ig  
94 ps ig  
71  ps ig  
25 O C  
83 ps ig  
92 ps ig  
118 ps ig  
78 ps ig  
123 ps ig  
56 ps ig  
70 ps ig  
84 ps ig  
75 ps ig  
92 ps ig  
55 ps ig  
40°C . 
50 ps ig  
61 p s i g  
68 ps ig  
49 ps ig  
75 ps ig  
45 ps ig  
---c--------- 
20 ps ig  
24 ps ig  
35 p s i g  
24 ps ig  
42 ps ig  
20 ps ig  
---c--------- 
ign  Level of e l e c t r o l y t e  i n  t h i s  ce l l  i s  20% g r e a t e r  
ona l  o r  s tandard cells. 
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TABLE I V  
Task I11 and I V  Cells 
48 Hour Overcharge Pressures* 
(Recombination Elec t rode  Disconnected) 
(Task I11 - Charge Rate C/10; 25'C) 






























































The design l e v e l  of e l e c t r o l y t e  i n  t h i s  c e l l  i s  20% g r e a t e r  than 
the  amount used i n  conventional o r  s tandard c e l l s .  
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